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(54) Maintaining the resistor divider ratio during start-up

(57) Circuits and methods to maintain a resistive volt-
age divider ratio during start-up of an electronic circuit
comprising a feed-forward capacitor across a feedback
resistor using a dynamic start-up circuit are disclosed as
e.g. a LDO or an amplifier. In a preferred embodiment of
the disclosure is applied to an LDO. Modification of the

resistive voltage divider ratio caused by the feed-forward
capacitor during start-up is prevented while the voltage
level of a voltage access point of the voltage divider on
the feed-forward capacitor is maintained. Embodiments
of the disclosure presented comprise using a start-up
buffer or a start-up capacitor during the start-up phase.
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Description

Technical Field

[0001] The present document relates to start-up proc-
esses of electronic circuits. In particular, the present doc-
ument relates to a method and system for maintaining a
resistor voltage divider ratio during start-up using a dy-
namic circuit.

Background Art

[0002] Prior art implementations of circuits as e.g. a
low-dropout (LDO) voltage regulator using a feed-for-
ward capacitor in parallel to a feedback resistor of a re-
sistor voltage divider have the disadvantage that a volt-
age divider ratio is impacted by the feed-forward capac-
itor during start-up phase and clean start-up specification
may not always being met.
[0003] It is a challenge for engineers to design start-
up processes of circuits as e.g. an LDO without the dis-
advantage cited above.

Summary of the invention

[0004] A principal object of the present disclosure is to
achieve a correct determination of the output voltage of
a circuit by a start-up comparator.
[0005] A further object of the disclosure is to avoid an
output voltage drop (brown out) condition of the circuit
as e.g. an LDO.
[0006] A further object of the disclosure is to avoid any
violation of a start-up specification.
[0007] A further object of the disclosure is to achieve
a clean start-up process.
[0008] A further object of the disclosure is to maintain
a constant voltage divider ratio during start-up.
[0009] A further object of the disclosure is to use a dy-
namic circuit to manage the start-up process only during
start-up.
[0010] In accordance with the objects of this disclosure
a method to maintain a resistive voltage divider ratio dur-
ing start-up of any electronic circuit comprising a feed-
forward capacitor across a feedback resistor of a resistive
voltage divider using a dynamic start-up circuit has been
disclosed. The method disclosed comprises the following
steps: (1) providing an electronic circuit comprising a
feed-forward capacitor across a first feedback resistor of
a resistive voltage divider and a start-up circuit, (2) avoid-
ing modification of resistive voltage divider ratio caused
by feed-forward capacitor during start-up phase, (3) mon-
itoring output voltage and finish start-up-phase when de-
sired output voltage of the electronic circuit is reached,
and (4) processing normal operation after start-up phase
is finished wherein feed-forward capacitor is connected
across the feedback resistor of the resistive voltage di-
vider after end of start-up phase.
[0011] In accordance with the objects of this disclosure

a circuit to maintain a resistive voltage divider ratio during
start-up of a LDO comprising a feed-forward capacitor
across a feedback resistor using a dynamic start-up cir-
cuit has been achieved. The circuit disclosed comprises,
the feed-forward capacitor, wherein a first plate of the
feed-forward capacitor is connected to an output port of
the LDO voltage, said resistive voltage divider, being con-
nected between the output port of the LDO and ground,
comprising the feedback resistor having a resistance R2
connected between the output port of the LDO and the
voltage access point in-between the voltage divider hav-
ing a fraction of the output voltage and further comprising
a second resistor having a resistance R1, and a means
to maintain a voltage level of the voltage access point
across the feed-forward capacitor during start-up of the
LDO.
[0012] In accordance with the objects of this disclosure
a circuit to maintain a resistive voltage divider ratio during
start-up of any electronic circuit comprising a feed-for-
ward capacitor across a feedback resistor and a resistive
voltage divider using a dynamic start-up circuit, has been
disclosed. The circuit disclosed firstly comprises: the
feed-forward capacitor, wherein a first plate of the feed-
forward capacitor is connected to an output port of the
circuit and a second plate is connected to a voltage ac-
cess point of the resistive voltage divider after the start-
up phase of the electronic circuit is finished and said re-
sistive voltage divider, being connected between an out-
put port of the circuit and ground, comprising the feed-
back resistor having a resistance R2 connected between
the output port of the circuit and the voltage access point
in-between the voltage divider having a fraction of the
output voltage and further comprising a second resistor
having a resistance R1. Furthermore the circuit compris-
es: a start-up comparator detecting if the start-up phase
is finished by comparing a voltage representing the out-
put voltage of the electronic circuit with a reference volt-
age and a means to maintain a voltage level of the voltage
access point across the feed-forward capacitor during
start-up of the circuit, wherein the means to maintain a
voltage level of the voltage access point comprises
switching means to connect or disconnect components
of the circuit at beginning and end of the start-up process,
wherein the switching means are activated by the start-
up comparator.

Description of the drawings

[0013] In the accompanying drawings forming a mate-
rial part of this description, there is shown:

Fig. 1 shows the basic elements of a second em-
bodiment of a start-up circuit of the present disclo-
sure applied to a LDO.

Fig. 2 illustrates a third embodiment of a start-up
circuit of the present disclosure applied to a LDO.
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Fig. 3 illustrates a flowchart of a method to maintain
a resistive voltage divider ratio during start-up of an
electronic circuit comprising a feed-forward capaci-
tor across a feedback resistor using a dynamic start-
up circuit.

Fig. 4 shows basic elements of an embodiment of a
start-up circuit of the present disclosure applied for
example to a LDO.

Description of the preferred embodiments

[0014] Methods and circuits to achieve fast and clean
start-up process of an electronic circuit as e.g. a LDO or
an amplifier using a feed-forward capacitor and a resis-
tive voltage divider or another means to represent an
output voltage of the electronic circuit are disclosed. It
has to be noted that the methods and circuits disclosed
can be applied to any other circuits using a feed-forward
capacitor and a resistive voltage divider.
[0015] Fig. 4 shows basic elements of an embodiment
of a start-up circuit of the present disclosure applied for
example to a LDO. The circuit comprises a port for output
voltage 1, a resistor voltage divider comprising a first re-
sistor R1 and a second controllable resistor R2, a start-
up comparator 2, a differential amplifier 3, having as in-
puts a reference input voltage Vref and the voltage of a
voltage access point divider-in 6 of the voltage divider
R1/R2, representing the output voltage Vout of the circuit
as input, and a pass transistor 4. During the start-up
phase a current source ISTART provides an extra bias
current to the differential amplifier 3. A switch 5 opens
and hence deactivates the extra bias current ISTART when
the start-up phase is finished.
[0016] The output of the start-up comparator 2 indi-
cates that the circuit as e.g. a LDO is now ready for load-
ing, i.e. the output of the comparator 2 triggers interrupt-
ing the extra bias current via switch 5.The feed-forward
capacitor CFF modifies the resistor divider R1/R2 ratio
[0017] The circuit of Fig. 4 may have the following dis-
advantages:

1. Longer startup time
2.Startup specifications may not being met
3.Incorrect decision by startup comparator about the
output voltage which
may impact system functionality if this output is used
to load the output of the circuit
4. Drop in voltage of the LDO (brown out).

[0018] Fig. 1 shows a second embodiment of a start-
up circuit of the present disclosure overcoming the dis-
advantages cited above. The start-up circuit of Fig. 1 can
also be applied for example to a LDO or to other circuits
as amplifiers, etc...
[0019] The circuit disclosed comprises a port for output
voltage 1, a resistor voltage divider comprising in a pre-
ferred embodiment a first resistor R1 and a second con-

trollable resistor R2, a start-up comparator 2, a differen-
tial amplifier 3, having a reference input voltage Vref and
the voltage of a voltage access point divider-in 6 of the
voltage divider R1/R2, representing the output voltage
Vout of the circuit as input, a start-up buffer 5, and a pass
transistor 4.
[0020] Each of the resistors R1 and R2 could be im-
plemented by more than one resistor in series. Further-
more other resistive means than resistors could be im-
plemented for the voltage divider as well, e.g. transistors
(BJT or MOS) or diodes or FETS or MOS transistors con-
nected as diodes.
[0021] The output of the start-up comparator 2, com-
paring voltage Vref with the voltage of the voltage access
point divider-in 6 of the voltage divider R1/R2, indicates
that the circuit, as e.g. a LDO, that a start-up phase is
completed and is now ready for loading. The comparator
2 controls the duration of a biasing current Ibuf for the
start-up buffer 5 via switch S3. Switch S3 opens after
start-up is completed, i.e. comparator 2 detects that volt-
age Vref is equal to divider-in 6 voltage, switch S3 opens,
biasing current Ibuf is interrupted and start-up time spec-
ification are met.
[0022] Furthermore the circuit comprises a capacitor
Cext, at the output which may be deployed externally or
internally to the circuit, and a feed-forward capacitor CFF,
which is connected only after start-up phase is completed
in parallel to the controllable resistor R2. Capacitor CFF
is connected in parallel to the controllable resistor R2 via
switch S2, which is closed after the start-up phase is com-
pleted. The comparator 2 detects when the start-up
phase is completed and activates the closing of switch
S2.
[0023] Furthermore there may be an optional current
source Istart providing an optional bias current to the dif-
ferential amplifier 3 during start-up, wherein the optional
current source Istart may be activated by a switch S1,
which is used only if the optional extra bias current is to
be provided during the startup. Switch S1 is also optional,
it is not required if no extra bias current to the amplifier
3 is required during start-up of the circuit. Switch S2 con-
nects, after it is closed when the start-up phase is fin-
ished, a voltage access point of the voltage divider R1/R2
to a lower plate of the feed-forward capacitor CFF.
[0024] Furthermore it should be noted that voltages
VDD1 and VDD2 can be the same or different.
[0025] During startup the switch S3 is closed and
switch S2 is open. The open switch S2 disconnects the
feed-forward capacitor CFF from the resistor divider
R1/R2 but the start-up buffer 5 maintains the lower plate
of feed-forward capacitor CFF to a same potential as the
voltage access point divider_in 6 of the voltage divider
R1/R2. Once the output voltage Vout reaches the de-
sired voltage, switch S2 is closed and switch S3 is
opened. The start-up buffer is then shut down.
[0026] The start-up buffer 5 is a means to maintain the
voltage level of the voltage access point divider_in 6 of
the resistive voltage divider R1/R2 on the feed-forward
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capacitor without impacting the voltage divider ratio. Oth-
er means could be used for this purpose as well. It has
to be noted that the startup buffer 5 consumes power
only during the start-up phase of the circuit. It does not
add to the quiescent current consumption of the circuit.
[0027] Fig. 2 illustrates a third embodiment of a start-
up circuit of the present disclosure applied to a LDO.
Similarly to the circuit shown in Fig. 1 the circuit of Fig.
2 comprises also a differential amplifier 3, a start-up com-
parator 2, a pass transistor 4, and a voltage divider R1/R2
with a the voltage access point divider_in 6. The differ-
ential amplifier 3 may have a fixed or variable reference
voltage as first input and the voltage of the voltage access
point divider_in 6 as second input. As shown in Fig. 1
the start-up comparator 2 detects when the start-up
phase is completed. The resistors R1/R2 may have a
fixed resistance, or both a controllable resistance, or a
combination thereof.
[0028] This implementation is characterized by having
a start-up capacitor CFF2 connected during the start-up
phase in series with the feed-forward capacitor CFF and
in parallel to resistor R1, i.e. the resistive voltage divider
R1/R2 and the capacitor string CFF/CFF2 are in parallel,
while a mid-point of the capacitor string is connected to
the voltage access point divider_in 6 of the resistive di-
vider R1/R2.
[0029] A key point of the circuit of Fig. 2 is that the
start-up capacitor CFF2 is disconnected by switch S4 at
the end of the start-up phase, which is triggered by the
start-up comparator 2.
[0030] The start-up capacitor CEFF2 has a capacitance
of CFFxR2/R1, i.e. the capacitive string has capacitances
according to the resistances of the resistive voltage di-
vider R1/R2. Thus CFF2 prevents any modification of the
resistive voltage divider ratio by the feed-forward capac-
itor CFF during start-up.
[0031] Similarly to the circuit shown in Fig. 1 a start-
up comparator 2 monitors if the output voltage has
reached a desired level and if the start-up phase is fin-
ished and the desired output level has been reached the
start-up comparator activates that switch S4 is opened
and hence the additional capacitor CEFF2 is disconnect-
ed.
[0032] Furthermore there may be an optional current
source Istart providing an optional extra bias current to
the differential amplifier 3 during start-up, wherein the
optional current source Istart may be activated by a switch
S5, which is used only if the optional extra bias current
is to be provided during the startup to the differential am-
plifier 3. Switch S5 is also optional, it is not required if no
extra bias current to the amplifier 3 is required during
start-up of the circuit.
[0033] The embodiment of Fig. 2 does not require,
compared to the circuit of Fig. 1, a start-up buffer amplifier
5 and switches S2 and S3 as shown in Fig. 1, but it re-
quires switch S4 and the additional capacitor CEFF2,
which will be disconnected by switch S4 after start-up is
completed.

[0034] Similarly to the circuit of Fig. 1 the circuit of Fig.
2 may comprise a capacitor Cext, at the output which may
be deployed externally or internally to the circuit.
[0035] In alternative embodiments of the circuits of
Figs. 1 or Fig. 2 the reference input voltage Vref, as
shown in Fig. 1 and Fig. 2, may be replaced by a variable
voltage Vin or both resistors R1 and R2 are controllable.
Alternatively it would be possible to have a fixed resist-
ance for R2 and a controllable resistance for R1.
[0036] Fig. 3 illustrates a flowchart of a method to main-
tain a resistive voltage divider ratio during start-up of an
electronic circuit such as a LDO, amplifier, or buffer com-
prising a feed-forward capacitor across a feedback re-
sistor using a dynamic start-up circuit. As already men-
tioned above, the circuit and the method disclosed are
applicable to any circuit using a resistive voltage divider
and a feed-forward capacitor. Step 30 of the method of
Fig. 3 illustrates the provision of e.g. a LDO or any other
suitable circuit as e.g. an amplifier comprising a feed-
forward capacitor across a first feedback resistor R2 of
a resistive voltage divider and a start-up circuit. Step 31
depicts avoiding modification of resistive voltage divider
ratio caused by feed-forward capacitor during start-up
phase. Step 32 illustrates monitoring output voltage and
finish start-up-phase when desired output voltage of the
electronic circuit is reached. Step 33 shows processing
normal operation after start-up phase is finished wherein
feed-forward capacitor is connected across the feedback
resistor of the resistive voltage after end of start-up
phase.
[0037] While the disclosure has been particularly
shown and described with reference to the preferred em-
bodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may
be made without departing from the spirit and scope of
the disclosure.

Claims

1. A method to maintain a resistive voltage divider ratio
during start-up of any electronic circuit comprising a
feed-forward capacitor across a feedback resistor of
a resistive voltage divider using a dynamic start-up
circuit, comprising the following steps:

(1) providing an electronic circuit comprising a
feed-forward capacitor across a first feedback
resistor of a resistive voltage divider and a start-
up circuit;
(2) avoiding modification of resistive voltage di-
vider ratio caused by feed-forward capacitor
during start-up phase;
(3) monitoring output voltage and finish start-up-
phase when desired output voltage of the elec-
tronic circuit is reached; and
(4) processing normal operation after start-up
phase is finished wherein feed-forward capaci-
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tor is connected across the feedback resistor of
the resistive voltage divider after end of start-up
phase.

2. The method of claim 1 wherein said electronic circuit
is a LDO or an amplifier.

3. The method of claim 1 wherein a start-up comparator
detects if a desired output voltage is reached and
hence the start-up phase is finished.

4. The method of claim 3 wherein the start-up compa-
rator detects if the start-up phase is finished by com-
paring a voltage representing the output voltage of
the electronic circuit with a reference voltage, e.g. a
variable voltage.

5. The method of claim 1 wherein said modification of
resistive voltage divider ratio is avoided by discon-
necting the feed-forward capacitor from a voltage
access point of the resistive voltage divider during
start-up phase only, wherein the voltage of the volt-
age access point of the resistive voltage divider rep-
resents the output voltage of the electronic circuit.

6. The method of claim 1 wherein a voltage level of the
voltage access point of the resistive voltage divider
is maintained on the feed-forward capacitor by a
start-up buffer during start-up phase, wherein the
voltage of the voltage access point of the resistive
voltage divider represents the output voltage of the
electronic circuit and wherein a bias current of the
buffer amplifier is disconnected at the end of the
start-up phase, wherein an input of the start-up buffer
is connected to the voltage access point of the volt-
age divider.

7. The method of claim 6 wherein a start-up comparator
detects if a desired output voltage of the electronic
circuit is reached and, in this case, initiates discon-
necting the bias current of the start-up buffer and
connecting the feed-forward capacitor directly to the
voltage access point of the resistive voltage divider.

8. The method of claim 1 wherein said modification of
resistive voltage divider ratio is prevented by con-
necting a start-up capacitor across a second resistor
of the resistive voltage divider during the start-up
phase only, wherein the start-up capacitor has a ca-
pacitance of CFF x R2/R1, wherein CFF is a capaci-
tance of the feed-forward capacitor, R1 is a resist-
ance of the part of the voltage divider between ac-
cess point and ground and R2 is a resistance of the
part of the voltage diver between output voltage and
access point.

9. The method of claim 8 wherein a start-up comparator
detects if a desired output voltage is reached and,

in this case, disconnects the start-up capacitor from
the voltage access point of the voltage divider.

10. The method of claim 8 wherein the start-up capacitor
has a capacitance of CFF x R2/R1, wherein CFF is a
capacitance of the feed-forward capacitor, R1 is a
resistance of a part of the voltage divider between a
voltage access point of the resistive voltage divider
and ground and R2 is a resistance of the part of the
voltage divider between output voltage and access
point.

11. The method of claim 1 wherein said first feedback
resistor is a part of the resistive voltage divider.

12. A circuit to maintain a resistive voltage divider ratio
during start-up of any electronic circuit comprising a
feed-forward capacitor across a feedback resistor
and a resistive voltage divider using a dynamic start-
up circuit, comprising:

- the feed-forward capacitor, wherein a first plate
of the feed-forward capacitor is connected to an
output port of the circuit and a second plate is
connected to a voltage access point of the re-
sistive voltage divider after the start-up phase
of the electronic circuit is finished;
- said resistive voltage divider, being connected
between an output port of the circuit and ground,
comprising the feedback resistor having a re-
sistance R2 connected between the output port
of the circuit and the voltage access point in-
between the voltage divider having a fraction of
the output voltage and further comprising a sec-
ond resistor having a resistance R1;
- a start-up comparator detecting if the start-up
phase is finished by comparing a voltage repre-
senting the output voltage of the electronic cir-
cuit with a reference voltage;
- a means to maintain a voltage level of the volt-
age access point across the feed-forward ca-
pacitor during start-up of the circuit, wherein the
means to maintain a voltage level of the voltage
access point comprises switching means to con-
nect or disconnect components of the circuit at
beginning and end of the start-up process,
wherein the switching means are activated by
the start-up comparator.

13. The circuit of claim 12 wherein said circuit is an LDO
or an amplifier.

14. The circuit of claim 12 wherein the end of the start-
up phase is reached when the voltage of the voltage
access point equals a reference voltage, e.g. either
a fixed voltage or a variable voltage.

15. The circuit of claim 12 wherein said means to main-
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tain the voltage level further comprises a buffer am-
plifier wherein the start-up comparator initiates both
connecting a second plate of the feed-forward ca-
pacitor to the voltage access point and disconnecting
a bias current of the buffer amplifier at the end of the
start-up phase using said switching means, wherein
an input of the start-up buffer is connected to the
voltage access point of the voltage divider.

16. The circuit of claim 15 wherein said switching means
comprises a first switching means connecting the
second plate of the feed-forward capacitor to the volt-
age access point at the end of the start-up phase
and a second switching means disconnecting the
bias current of the buffer amplifier.

17. The circuit of claim 16 wherein said switching means
further comprises a third switching means providing
an extra bias current to a differential amplifier of the
circuit during start-up only.

18. The circuit of claim 12 wherein said means to main-
tain the voltage level comprises a second capacitor
connected between the voltage access point and
ground.

19. The circuit of claim 18 wherein the second capacitor
has a capacitance C = CFFxR2/R1, wherein CFF is
the capacitance of the feed-forward capacitor and
wherein the start-up comparator initiates disconnect-
ing the second capacitor from the voltage access
point via a switching means at the end of the start-
up phase.
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